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SECTION 1

PURPOSE OF DOCUMENT

EPA, States and local air pollution control agencies are
beconi ng i ncreasingly aware of the presence of substances in the
anbient air that may be toxic at certain concentrations. This
awareness, in turn, has led to attenpts to identify source/receptor
relationships for these substances and to devel op control prograns to
regul ate em ssions. Unfortunately, very little information is
avai l abl e on the anbient air concentrations of these substances or or
the sources that may be discharging themto the atnobsphere.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
docunents such as this that conpiles available informati on on sources
and em ssions of these substances. This docunment specifically deals
with vinylidene chloride. Its intended audience includes Federal,
State and local air pollution personnel and others who are interested
in locating potential enmitters of vinylidene chloride and maki ng
prelimnary estimtes of air em ssions therefrom

Because of the linmted amounts of data avail able on vinylidene
chl oride enissions, and since the configuration of many sources wil|l
not be the sanme as those described herein, this docunent is best used
as a primer to informair pollution personnel about 1) the types of
sources that may emt vinylidene chloride, 2) process variations and
rel ease points that may be expected within these sources, and 3)
avail abl e emi ssions information indicating the potential for
vinylidene chloride to be released into the air from each operation

The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in this docunent to try to devel op an exact
assessnent of emi ssions fromany particular facility. Since
insufficient data are available to devel op statistical estinmates of



the accuracy of these em ssion factors, no estimte can be made of
the error that could result when these factors are used to cal cul ate
em ssions fromany given facility. It is possible, in sone extrene
cases, that orders-of-magnitude differences could result between
actual and cal cul ated em ssions, depending on differences in source
configurations, control equipnent and operating practices. Thus, in
situations where an accurate assessnent of vinylidene chloride

em ssions i s necessary, source-specific information should be
obtained to confirmthe existence of particular emtting operations,
the types and effectiveness of control neasures, and the inpact of
operating practices. A source test and/or material bal ance should be
consi dered as the best nmeans to determne air emssions directly from
an operation.



SECTI ON 2

OVERVI EW OF THE DOCUMENT CONTENTS

As noted in Section 1, the purpose of this docunent is to assi st
Federal, State and local air pollution control agencies and others
who are interested in locating potential air emtters of vinylidene
chl oride and nmaking prelimnary estimates of air em ssions therefrom
Because of the |imted background data avail able, the information
summari zed in this docunent does not and should not be assuned to
represent the source configuration or em ssions associated with any
particular facility.

This section provides an overview of the contents of this
docunment. It briefly outlines the nature, extent and fornmat of the
mat erial presented in the remai ning sections of this report.

Section 3 provides a brief summary of the physical and chem ca
characteristics of vinylidene chloride, its commonly occurring forns
and an overview of its production and uses. A chenical use tree
sumari zes the quantities of vinylidene chloride consuned in various
end use categories in the United States. This background section may
be useful to someone who needs to devel op a general perspective on
the nature of the substance and where it is manufactured and
consuned.

Section 4 focuses on major industrial source categories that may
emt vinylidene chloride to the air. This section discusses the
production of vinylidene chloride, its use as an industrial
f eedst ock, and processes whi ch produce vinylidene chloride as a
byproduct. For each major industrial source category described in
Section 4, exanple process descriptions and flow di agrans are given,
potential emission points are identified, and avail abl e em ssi on
factor estimates are presented that show the potential for vinylidene
chl oride em ssions before and after controls enployed by industry.
Usi ng trade publications and ot her sources, individual conpanies are
identified that are reported to be involved with either the
production or use of vinylidene chloride.
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The final section of this docunent sunmarizes avail able
procedures for source sanpling and anal ysis of vinylidene chloride.
Details are not prescribed nor is any EPA endorsenent given or
inplied to any of these sanmpling and anal ysis procedures. At this
time, EPA generally has not eval uated these methods. Consequently,
this docunent nerely provides an overvi ew of applicable source
sanpling procedures, citing references for those interested in
conducting source tests.

Thi s docunent does not contain any di scussion of health or other
environnmental effects of vinylidene chloride, nor does it include any
di scussion of anmbient air levels or anbient air nonitoring
t echni ques.

Comments on the contents or useful ness of this docunent are
wel coned, as is any information on process descriptions, operating
practices, control neasures and em ssions information that woul d
enable EPA to inprove its contents. Al comrents should be sent to:

Chi ef, Source Analysis Section (M 14)
Ai r Managenent Technol ogy Branch
U S. Environnental Protection Agency
Research Triangle Park, N.C 27711



SECTI ON 3

BACKGROUND

NATURE OF THE POLLUTANT

Vinylidene chloride (VDC) is a clear liquid with | ow viscosity
at roomtenperature. It has a sweet odor simlar to other
chl ori nat ed hydrocarbons, which can be detected at concentrations of
about 500 ppm?! The chemical nane for vinylidene chloride is
1,1-dichloroethylene; it is also refered to technically as vinylidene

dichloride. The structure of VDCis illustrated bel ow
C===C
a’ ‘H

Vi nylidene chloride is practically insoluble in water, but is soluble
in nost other polar and nonpol ar solvents. It is very soluble in

chl oroform and ether, and is soluble in benzene, acetone, and

et hanol . Chenmical and physical properties of VDC are sumari zed in
Table 1. %2

In the presence of air or oxygen, vinylidene chloride can forma
per oxi de compound that is violently explosive. The peroxide also
initiates polynerization of the bulk VDC. Comercial grades of VDC
typically contain about 200 ppm of hydroqui none nononet hyl et her
(MEHQ inhibitor, which prevents the fornmation of peroxide and
spont aneous polynerization. Owher inpurities in comercial grade
vi nyl i dene chloride include trans-1, 2-dichl oroethyl ene (900 ppn),
vinyl chloride (850 ppm), 1,1,1-trichloroethane (150 ppm,
cis-1,2-dichloroethyl ene (10 ppn), 1, 1-dichloroethane (<10 ppn),
et hyl ene chloride ( ppn), and trichloroethylene ( ppm.*t?

Vinylidene chloride liquid is very volatile, with a vapor
pressure of 660 mm Hg at roomtenperature. |Its vapor burns readily
when ignited. The flash point of the liquid is about -15°C, the | ower
explosive Iimt of the vapor in air is 7 percent, and the upper



TABLE 1. PHYSI CAL AND CHEM CAL PROPERTI ES OF VI NYLI DENE CHLORI DE?

Synonyns: VDC, 1,1, -dichloroethylene, 1,1-dichloroethene, vinylidene

di chl ori de

Chenical formula d.,C =CH
CAS registry nunber 75-35-4
Mol ecul ar wei ght, g/nole 96.9
Density (20°C liquid), g/cm 1.2137
Boiling point, °C 31.56
Melting point, °C -122.56
Fl ash point, °C

open cup -16

cl osed cup -28
Autoignition tenperature in air, °C 5132
Flammable limts in air, volume percent 5.6-16.0
Latent heats, kJ/nole

vapori zation (at boiling point) 26. 48

fusion (at freezing point) 6.51
Heat of conbustion (25°C liquid), kJ/nole 1095.9
Heat of polynerization (25°C), kJ/nole -75.3
Heat of formation, kJ/nole

liquid -25.1

vapor 1.26
Heat capacity, J/nole-K

liquid 111. 27

vapor (25°C) 67.03
Critical properties

Tenperature, °C 280. 8

Pressure, MPa 5.21

Vol une, cni/ nol e 218
Vapor pressure, kPa

0°C 28.92

10°C 44,54

20°C 66. 34

30°C 95.91
Water solubilities at 20°C, g/100g

Vi nyl i dene chloride in water 0.25
Water in vinylidene chloride 0. 035
Dielectric constant (16°C Iiquid) 4. 67
Viscosity (20°C), centipoise 0.33

a VDC stabilized by MEHQ



explosive Iimt is 16 percent. The deconposition products of VDC
exposed to oxygen include fornal dehyde, phosgene, and hydrogen
chl ori de. %2
The residence tinme of vinylidene chloride in the atnosphere is
about 23 hours, where residence tine is defined as the tinme required
for the concentration to decay to lie (31% of its original val ue.
The maj or mechani sm for destruction of VDC in the atnosphere is
reaction with hydroxyl radicals. The principal reaction products are
form c acid, carbon nonoxide, chloroacetyl chloride, hydrogen
chlori de, phosgene, and fornal dehyde. 34
Vi nyl i dene chloride can al so be pol ynerized to produce
pol yvi nyl i dene chl oride (PVDC) pol ynmer chains nade up of nononer
units joined head to tail:
HCLHCLHCL
O B
-GCCGCCGCCGCGCG
O B
HCLHCLHCL
Vi nyl i dene chl oride can al so be polynerized with ot her nononers

to produce pol yvlnylidene chloride copol yners.

OVERVI EW OF PRODUCTI ON AND USES

Vinylidene chloride was first used in the late 1930's by now
Chem cal Conpany. VDC is produced conmercially by the
dehydrochl orination of 1,1,2-trichloroethane with linme or caustic.?®
It may al so be recovered as a byproduct of chlorination and
oxychl orination reactions to produce other conpounds.® Today,
production of VDCin the United States exceeds 90, 700 negagrans (M)
per year.? Exact production figures are not avail abl e because the
producers of VDC consider these to be proprietary.

Figure 1 gives a chemcal use tree summari zing the
producti on and use of VDC. 2357 The main use of VDCis in the
production of VDC copol ynmers. About 68, 00O My of VDC are consuned
annual ly in the production of polyners containing VDC.2 In the United
States, the generic term"Saran" is used to refer to high VDC- content
polyners. Saran fornmerly was a trademark of the Dow Chem cal Company
and is still a Dow trademark in other countries. PVDC honopol yner

(Saran A) is difficult to fabricate and for this reason is not used.
7
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However, copolyners of vinylidene chloride with vinyl chloride (Saran
B), alkyl acrylates (Saran C), and acrylonitrile (Saran F) are widely
used. Pol yners containing VDC are resistant to phot odegradati on and
chem cal attack, and because of their high density and crystallinity,
they are inperneable to a wi de range of gases. The |ow perneability
of VDC copolynmers to water and oxygen is the main reason for the
comer ci al inportance of vinylidene chloride.?8

In addition to the production of Saran polynmers, VDC is also
used as a chenical internmediate in the production of chloroacetyl
chloride.® Chloroacetyl chloride is a chemcal internediate in the
producti on of pharnmaceutical products and tear gas.’ Fornerly, a
maj or use of VDC (about 60,000 My/yr) was as an internediate in the
production of 1,1,1- trichloroethane. However, the VDC based process
for 1,1,1-trichloroethane was only used at one plant, and was
replaced in the late 1970's by a vinyl chloride based process.



SECTI ON 4
VI NYLI DENE CHLCORI DE EM SSI ON SOURCES

This section discusses vinylidene chloride em ssions from
processes where the chenical is produced, processes where it is used
as a chemical internediate, and processes where it is produced as a
byproduct. Process and enissions data are presented for each source
cat egory.

The followi ng industrial processes have been identified as
potential sources of VDC emi ssions:

. vi nyl i dene chl ori de production,

. per chl or oet hyl ene and trichl oroet hyl ene producti on,

. 1,1, 1-trichl oroethane production,

. VDC pol yreri zati on,

. use of VDC in specialty chem cal production

. VDC copol ynmer fabrication, and

. vol atilization fromwaste treatnent, storage, and di sposal.
VDC i s a byproduct of perchloroethylene and trichl oroethyl ene
production and of 1,1,1-trichl oroethane production from ethane.

VI NYLI DENE CHLORI DE PRODUCTI ON

Vi nylidene chloride is produced donestically by the
dehydrochl orination of 1,1, 2-trichloroethane w th sodi um hydroxi de. 21!
Three plants in the U S. produce VDC, each of these produces a nunber
of other chlorinated hydrocarbons by a variety of processes.!® The
raw material 1,1, 2-trichloroethane is produced as a coproduct in the
chlorination and oxychl orinati on of ethane, ethylene, and ethyl ene
dichloride (1, 2,-dichloroetbane) to produce chlorinated C, species.?!?
At the plants using the 1,1, 2-trichloroethane dehydrochl orination

10



process, additional VDC may al so be recovered as a byproduct of
various chlorination and oxychlorination processes.! These processes
are discussed in later sections.

Process Description

The reaction for the dehydrochlorination of 1,1, 2-
trichloroethane to produce VDC is as foll ows:

H Cl H Cl
\ o/
Cl-CCH + NaCH — C = + NaCl + H,0
/N /N
H Cl H Cl
1,1, 2-tri sodi um
chl or oet hane hydr oxi de VDC

The reaction is carried out with 2 to 10 percent excess caustic and
product yields ranging from85 to 90 percent.!! Basic operations that
may be used in the production of VDC from1l, 1, 2-trichloroethane are
shown in Figure 2. Concentrated sodi um hydroxide (Stream 1) is
diluted with water (Stream 2) to about 5 to 10 wei ght percent and is
mxed with the 1,1, 2-trichloroethane feed (Stream 3) and fed (Stream
4) to the dehydrochlorination reactor. The reaction is carried out
in the liquid phase at about 100°C without catal yst. Because the
aqueous and organic reactants are not mscible, the reaction is
carried out in a liquid dispersion. The dehydrochlorination reactor
is continuously purged with nitrogen (Stream5) to prevent the
accumul ati on of nonochl oroacetyl ene inpurity in the product VDC. The
nitrogen is discharged fromVent A !

The VDC-contai ni ng product fromthe dehydrochl orination reactor
(Stream 6) is separated in a decanter into an aqueous phase (Stream
7) and an organic phase (Stream 8). The aqueous phase, conprising a
sodi um hydr oxi de/ sodi um chl ori de solution, is divided. One fraction
(Stream 9) is recycled (Stream4) to the hydrochl orination reactor,
and the other fraction (Stream 10) is steam stripped to renove
organi cs and di scharged to a wastewater treatnent system (Di scharge
F). 11

The organics fromthe agqueous phase (Stream 11) are conbi ned
with the organic phase fromthe decanter (Stream 8). The conbi ned
organics (Stream 12) are fed to a drying colum, where residual water
is renoved as a bottonms stream (Stream 13). The water renoved from
the drying colum is fed to the steamstripper with the agueous

11
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stream fromthe product decanter (Stream 10).%

The organic streamfromthe drying colum (Stream 14) is fed to
a distillation colum, which renoves unreacted 1,1, 2-trichl oroet hane
as overheads (Stream 15). The unreacted trichloroethane is recycled
to the dehydrochlorination reactor. Purified VDC product, renoved as
bottonms fromthe finishing colum (Stream 16), is used onsite or
stored in pressurized tanks before being shipped to users.?!!

En ssi ons

Uncontrol |l ed VDC emni ssion factors for VDC production are given
in Table 2. The table also lists potentially applicable control
t echni ques and associ ated controlled em ssion factors. The em ssion
factors were devel oped based on published data for individual plants
and for general processing techniques. Because of variation in
process design, age of equi pment, and other process paraneters,
actual em ssions vary for each plant.

Process Vent Em ssions--

Process vents which are sources of VDC em ssions include the
reactor nitrogen purge vent (Vent A Figure 2) and the distillation
colum vents (Vents B, Figure 2). Uncontrol |l ed VDC eni ssion factors
are estimated at 6.2 kil ograns VDC per negagram VDC produced (kg/ M)
for the reactor vent, and 0.7 kg/My for the distillation vents.®

Em ssions fromthe reactor vent can be controlled by
incineration with an efficiency of about 98 percent or higher. 141539
The maj or products of VDC incineration are CO0O and HCO . However,
under poor incinerator operating conditions, other products may be
fornmed, including form c acid, carbon nonoxide, chl oroacetyl
chl ori de, phosgene, and fornal dehyde. Incineration destruction
efficiency varies with em ssion stream properties and incinerator
operating paraneters. The 98 percent efficiency level is a
conservative estimate of the control that nay be expected at a
tenperature of at l|east 870°C and a residence tinme of at least 0.75
seconds. 3 The em ssion reduction may be greater than 98 percent for
incineration of VDC with these operating paraneters, and woul d

13



TABLE 2.

ESTI MATED CONTROLLED AND UNCONTRCLLED VI NYLI DENE CHLORI DE EM SSI ON FACTORS
FOR A HYPOTHETI CAL VI NYLI DENE CHLORI DE PRCDUCTI ON FACI LI TY?

Uncontrol |l ed Potentially Control |l ed
Sour ce VDC emi ssi on appl i cabl e Per cent VDC emi ssi on

Em ssi on Source desi gnati on® factore® controls reduction factor
React or vent A 6.2 kg/ My I nci ner at or 98+ <0.12 kg/ My

NA NA 0. 063-0. 090 kg/ My
Distillation vents B 0.7 kg/ My Aqueous scrubber 90 0.070 kg/ My

Refri gerated condenser 90 0.070 kg/ My

NA NA 0.18-0.38 kg/ My
St orage and handl i ng® D NA Pressurized tank NA NA

Refri gerated condenser NA NA

NA NA 0. 056 kg/ My
Fugi tive processf E 0.96 kg/hre Qarterly I/M 21 0.76 kg/ hr

Monthly 1/ M 29 0. 10 kg/ hr

Monthly I/ M double
seal s on punps; and
rupture di sks on
relief valves 88 0.12 kg/hr

@ Any given vinylidene chloride plant may vary in configuration and |evel
encouraged to contact plant personnel

facility prior to estinating enissions therefrom

b Letters refer to vents designated in Figure 2.

of control

fromthis hypothetical
to confirmthe existence of enitting operations and control

facility. The reader is

technol ogy at a particul ar

¢ Emssion factors in terns of kg/M refer to kilogramof vinylidene chloride emtted per megagram of vinylidene chloride produced.

In cases where a particular source designation applies to nultiple operations,
of these operations within the hypothetical

all, not each,

¢ Not avail able.

¢ Handling refers to | oading of barges,

trucks,

f Derivations of enission rates and potenti al

of plant capacity.

9 This rate represents a relatively uncontrolled facility where no significant
limt fugitive em ssions.

" I/Mrefers to inspection and mai nt enance.
the reductions in this table.

I ndustry reports that nore stringent
(See text for discussion.)

efficiencies as high as 90 to 95 percent. &1

14

rail cars,

em ssion reductions are given in the Appendi x.

etc.

These nore stringent neasures restult

facility.

these factors represent conbi ned eni ssions for

Fugitive em ssion rate is independent

| eak detection and repair prograns arein place to

I/Mprograns are practiced than arereflected in
in fugitive em ssion control



al so increase at higher tenperatures and | onger residence tines.® A
98 percent reduction of reactor vent em ssions corresponds to a
controlled VDC factor of about 0.12 kg/ My VDC produced. Controlled
reactor vent em ssions reported for specific plants range from 0. 063
kg/ My to 0.090 kg/ M. 16

VDC enissions fromthe distillation colum vents can be
controll ed either by aqueous scrubbing or by refrigerated vent
condensers with an efficiency of about 90 percent.!*' The
distillation colum vents can al so be conbined with reactor em ssions
and controlled by incineration with a 98 percent or greater contro
efficiency.?®® The control efficiency attainable using these
techni ques i s dependent on operating paraneters and em ssion stream
characteristics. A 90 percent reduction of distillation colum vent
em ssions corresponds to a controlled em ssion factor of about 0.07
kg/ My VDC produced. Controlled VDC em ssions reported for
distillation vents at specific plants range fron 0.18 kg/My to 0. 38

kg/ M. ¢
St orage And Handl i ng Em ssi ons- -

Vi nyl i dene chloride em ssions result fromthe storage of VDC
product and internedi ates containing VDC (Source D, Figure 2). VDC
em ssions al so occur where VDC product is |oaded to tank cars of
trucks. Insufficient data were available to estimate uncontrolled
em ssions of VDC from storage and handling. Controlled storage and
handl i ng em ssions of VDC reported for two specific facilities were
about 0.056 kg/ Mg VDC produced. ®* The types of controls used to
attain this emssion rate are not known. Controls typically used to
reduce storage and handling em ssions include pressurized storage
tanks and refrigerated vapor condensers.

Process Fugitive Em ssions--

Fugi tive em ssions of VDC, 1,1, 2-trichloroethane, and ot her
vol atil e organi c conpounds result fromleaks in process val ves,
punps, conpressors, and pressure relief valves (Source D, Figure 2).
Fugitive emi ssions froma typical VDC plant were estinmted based on
process fl ow di agrans, process operation data, and em ssion factors
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devel oped by EPA for typical process em ssion sources. The

techni ques used to estimate the nunbers of various fugitive emn ssion
sources and the total fugitive em ssion rate are described in detai
in the Appendi x.

The estimated uncontrolled fugitive enmission rate for VDC
production from1,1,2-trichloroethane is about 0.96 kg VD hr.
Fugitive emission rates differ fromplant to plant depending on the
nunber of val ves, punps, flanges, etc., the age of the equipnent, and
the level of em ssion control used. Chemical process streans in the
production of chlorinated hydrocarbons such as VDC generally contain
chlorine and HO, as well as hydrocarbons. These conpounds are
extrenely corrosive and irritati ng when exposed to the noisture in
anbient air. Thus, it is general practice to control such fugitive
em ssions in order to prevent corrosion of outside equipnent and
generation of unpleasant odors.

Table 2 gives control efficiencies for preventative maintenance
prograns, the use of double mechani cal seals of punps, and the use of
rupture disks with relief valves. Qher controls which may be used
i nclude the use of welded pipe in place of flanges, special
construction materials for piping and val ves, enclosure of punps, and
i ntensive preventative mai ntenance during plant shutdown. In
addi tion, inspection and mai ntenance prograns practiced at sone
pl ants may be nmuch nore intensive than those shown on Table 2, such
that nost |eaks are repaired within as little as 1 day. Wth these
additional controls, industry reports fugitive em ssion contro
efficiencies as high as 90 to 95 percent. 181

Secondary Emi ssions--

Secondary emi ssions result fromthe handling and di sposal of
process waste streans. In VDC production from1,1,2-trichl oroethane,
wast ewat er fromthe VDC production reaction (Source F, Figure 2)is a
potential source of secondary VDC em ssions. Specific data were not
avail able to estimate emi ssions fromthe treatnent and di sposal of
this stream Figure 2 shows that a wastewater stripper typically is
i ncorporated as part of the VDC production process to reduce VDC
em ssi ons and for product recovery.! Em ssions fromtreatnment of
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cont am nat ed wastewater are discussed in further detail in the
section entitled VOLATI LI ZATI ON FROM WASTE TREATMENT, STORAGE, AND
DI SPCSAL

Source Locations

Maj or vinylidene chloride producers and production |ocations are
listed in Table 3.2°
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TABLE 3. PRODUCERS OF VI NYLI DENE CHLORI DE?®

Manuf act ur er Locati on

Dow Chem cal U. S. A Freeport, TX

Pl aguem ne, LA

PPG | ndustries, Inc.

Not e:

Chemical s Group
Cheni cal Division Lake Charles, LA

This listing is subject to change as narket conditions change,facility
owner shi p changes, plants are closed, etc. The reader should verify

t he existance of particular facilities by consulting current |istings
and/ or the plants thenselves. The |evel of VDC enissions from any
given facility is a function of variables such as capacity, throughput
and control neasures, and should be deternined through direct contacts
wi th plant personnel.
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PERCHLORCETHYLENE AND TRI CHLORCETHYLENE PRODUCTI ON

Per chl or oet hyl ene (PCE) and trichl oroethylene (TCE) are produced
separately or as coproducts by either chlorination or oxychlorination
of ethylene dichloride (EDC) or other C, chlorinated hydrocarbons. A
nunber of byproducts are produced in each of these reactions,

i ncluding vinylidene chloride (VDC). These byproducts may be

i solated and refined, recycled to the process, or dischaged in

vari ous waste streans. For instance, in a case where VDC is produced
from1l,1,2-trichloroethane at a facility which al so produces TCE and
PCE, the VDC byproduct may be recovered and purified by distillation
in the VDC finishing section of the 1,1, 2-trichloroethane process. *?
Raw material ratios and reactor conditions determne the relative
proportions of PCE, TCE, and any byproducts produced.

Process Description

Et hyl ene Dichloride Chlorination Process--

The overall reactions for the chlorination of EDC to produce TCE
and PCE, are as follows:

0 a c1 c
E-C-C-H 3c1,-beak o C=c + 4HCL +  byproducts
# R’ ¢l c1
D¢ PCE
a a oo
H-C-C-H =+ 12 heat o= + 3HCL + byproducts
H i [oF | H
EDC _ TCE

VDC i s anong t he byproducts produced in these reactions. Basic
operations that may be used in the EDC chlorination process are shown
in Figure 3.2

Et hyl ene dichloride (Stream 1) and chlorine (Stream 2) are
vaporized and fed to the reactor. Oher chlorinated C, hydrocarbonsor
recycl ed chl orinated hydrocarbon byproducts may al so be fed to the
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reactor. In the reactor, a chlorination reaction is carried out at
400° to 450°C, slightly above atnospheric pressure. The reaction
produces the desired products TCE and PCE, as well as byproducts,
i ncludi ng vinylidene chloride and hydrogen chl oride. Hydrogen
chloride byproduct (Stream 3) is renoved as an overhead stream from
t he chlorinated hydrocarbon m xture (Stream 4) produced in the
reactor. The chlorinated hydrocarbon nixture (Stream4) is
neutralized with sodi um hydroxi de solution (Stream 5) and dried.?

The dried crude product (Stream7) is separated by a
distillation colum into crude ICE (Stream 8) and crude PCE (Stream
9). The crude TCE (Stream 8) is fed to two columms in series which
renove |ight ends (Stream 10) and heavy ends (Stream 13). TCE
(Stream 12) is taken overhead fromthe heavy ends col um and
sent to TCE storage; the heavy ends (Stream 13) and the |ight ends
(Stream 10) are conbi ned, stored, and recycled.

The crude (Stream 9) fromthe PCE/ TCE separation colum is sent
to the PCE colum, where PCE (Stream 14) is renoved as an over head
streamto PCE storage. Bottonms fromthis colum (Stream 15) are sent
to a heavy ends colunn and separated into heavy ends and tars. Heavy
ends (Stream 16) are stored and recycled, and tars are incinerated.?

Et hyl ene Di chl ori de Oxychl ori nati on Process--

The overall reactions for the production of
per chl oroet hyl ene and trichl oroet hyl ene by EDC oxychl ori nati on
are as follows:

] cl . cl cl
H -~ :p - C: ~H + Cl, + 0O, -EJ-S];g—b :C = C: + ZHZC + byproducts
H B _ ¢l cl
C1 c1 : Cl cl
e :C- - C:— Helf2Cl, + 1/4 Oz-ji?-l—z-——:c = C{ + 3/2 B,0 + byproducts
H B : i H

The crude product contains 85 to 90 wei ght percent PCE plus TCE
and 10 to 15 wei ght percent byproduct organics, including VDC
Essentially all byproduct organics are recovered during purification
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and are recycled to the reactor. The process is very flexible, so
that the reaction can be directed toward the production of either PCE
or TCE in varying proportions. Side reactions produce carbon dioxi de,
hydr ogen chl ori de, and several chlorinated hydrocarbons. Figure 4
shows basic operations that may be used in oxychlorination.?®

Et hyl ene dichloride (Stream 1), chlorine or hydrogen chloride
(Stream 2), and oxygen (Stream 3) are fed in the gas phase to a fluid
bed reactor. The reactor contains a vertical bundle of tubes with
boiling liquid outside the tubes which nmaintains the reaction
tenperature at about 425°C. The reactor is operated at a pressure
slightly above atnospheric, and the catal yst, which contains copper
chloride, is continuously added to the tube bundle with the crude
product . 2!

The reactor product stream (Stream 4) contains the desired
products TCE and PCE, as well as byproducts including VDC. This
streamis fed serially to a water cool ed condenser, a refrigerated
condenser, and a decanter. The noncondensed inert gases (Stream5),
consi sting of carbon di oxide, hydrogen chloride, nitrogen, and a small
anount of uncondensed chl ori nated hydrocarbons, are fed to an
absor ber, where hydrogen chloride is recovered by absorption in
process water to make byproduct hydrochloric acid (Stream 6). The
remai ning inert gases are purged (Vent A).?#

In the decanter, the crude product (Stream 7) is separated from
t he aqueous phase and catal yst fines (Stream 8) and sent to the drying
colum for renoval of dissolved water by azeotropic distillation. The
dried crude product (Stream 10) is separated into crude TCE (Stream
11) and crude PCE (Stream 12) in a PCE/ TCE colum. The aqueous phase
fromthe decanter (Stream 8) and the water fromthe drying colum
(Stream 9) are sent to waste treatnent.?!

The crude TCE (Stream 11) is sent to the TCE col um, where |ight
ends (Stream 13) are renpoved to be stored and recycled. The bottons
(Stream 14), containing mainly TCE, are neutralized with amoni a and
then dried to produce finished TCE (Stream 15) which is sent to the
TCE storage.

The crude PCE (Stream 12) fromthe PCE/ TCE separation colum is
fed to a heavy ends renoval colum where PCE and |ight ends (Stream
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16) go overhead to a PCE finishing colum, and the heavy ends (Stream
17) renmining as the bottons are sent to the organic recycle system
Here, the organics that can be recycled (Stream 18) are separated from
tars and sent to the recycle organic storage. The tars are
incinerated. The PCE and |ight ends (Stream 16) fromthe heavy ends
colum are fed to a light ends renoval colum. Light ends (Stream 20)
are renoved overhead and are stored and recycled. The PCE bottons
(Stream 21) are neutralized with ammonia and then dried to obtain
finished PCE (Stream 22) which is sent to PCE storage.?

Em ssi ons

Process Vent Em ssions--

Table 4 gives em ssions data for process vents in PCE and TCE
production processes which may contain VDC. The table lists:
uncontrol l ed VDC em ssion factors, potentially applicable contro
t echni ques, and associated controlled VDC enission factors.?? These
em ssions data were devel oped based on published information for
general operations used in the production of PCE and TCE. Variations
in process design, feed materials, and reaction conditions have a
substantial effect on anmounts of VDC and other byproducts produced by
PCE and TCE production processes. As a result, VDC em ssions vary for
each pl ant.

Chlorination Process - Vents containing VDC in the EDC

chlorination process include the neutralization and drying vent (Vent
A, Figure 3), and distillation colum vents (Vents B, Figure 3).
Uncontrol l ed VDC em ssion factors are estimated at 2.5 kil ograns per
nmegagr am PCE and TCE produced (kg/ Mjy), for the neutralization and
drying vent, and 0.106 kg/ My PCE and TCE, for the distillation vent. ??
Em ssions fromboth of these sources can be controlled by
refrigerated vapor condensers with an efficiency of about 80 percent.?!*
The control efficiency attainable using refrigeration is dependent on
em ssion stream characteristics and condenser operating tenperatures.
Oxychlorination Process - Vent streans containing VDC in the EDC

oxychl orination process include the reactor vent (Vent A Figure 4),
the drying colum vent (Vent B, Figure 4) and the distillation
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TABLE 4. ESTI MATED CONTROLLED AND UNCONTRCOLLED VI NYLI DENE CHLORI DE EM SSI ON FACTORS FOR
HYPOTHET!I CAL PERCHLORCETHYLENE/ TRI CHLORCETHYLENE PRODUCTI ON PROCESSES?

Uncontrol | ed Potentially Control |l ed
Sour ce VDC emi ssi on appl i cabl e Per cent VDC emi ssi on
Em ssi on source desi gnati on® factor (kg/hg)¢® controls reduction factor [kg/ M)
Chlorination
Neutral i zati on and dryi ng vent A 2.5 Refri gerated condenser 80 0. 50
Distillation vents B 0. 106 Refri gerated condenser 80 0.021
Oxychlorination
React or vent A 3.8 Thermal oxidation 98+ <0. 076
Dryi ng col um vent B 0.4 Thermal oxi dation 98+ <0. 0008
Distillation vents C 0. 098 Aqueous scr ubbi ng 90 0. 020

2 Any given perchloroethylene/trichloroethylene plant may vary in configuration and | evel of
control fromthesehypothetical facilities. The reader is encouraged to contact plant personne
to confirmthe existence of emtting operations and control technology at a particular facility
prior to estinmating em ssions therefrom

b Letters refer to vents designated in Figure 3 for chlorination and Figure 4 for
oxychl ori nati on.

¢ Emssion factors in terns of kg/My refer to kilogram of vinylidene chloride emtted per

megagr am of perchl oroet hyl ene and trichl oroet hyl ene produced. |n cases where a particular
source designation applies to nmultiple operations, these factors represent conbi ned em ssions
for all, not each, of these operations within the hypothetical facility.
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colum vents (Vent C, Figure 4). Uncontrolled VDC em ssion factors
have been estimated at 0.4 kg/ My PCE and TCE produced, for the drying
colum vent, and 0.098 kg/My PCE and TCE, for the distillation colum
vent . 22

The uncontrolled em ssion rate given in Table 4 for the reactor
vent was cal cul ated based on a total chlorinated hydrocarbon enission
factor for the reactor vent of 21.3 kg chlorinated hydrocarbon emtted
per nmegagram PCE and TCE produced.?? It was assuned that the fraction
of the total chlorinated hydrocarbons conmprised by VDC in the reactor
vent is the sanme as the fraction of chlorinated hydrocarbons conprised
by VDC in the drying colunm vent. 1In the drying colum vent, VDC
conpri ses about 18 percent of total chlorinated hydrocabon em ssions. 22
Thus, VDC em ssions fromthe reactor vent were estimated as foll ows:
(21.3 kg A species/My) x (0.18 kg VDO kg O species) = 3.8 kg VDO My

Em ssions fromthe reactor and drying colum vents can be
controlled by incineration with an efficiency of about 98 percent or
hi gher. '+ Em ssions fromthe distillation colum vent can be
controll ed by aqueous scrubbing with an efficiency of about 90
percent. 4

O her Em ssion Sources--

In addition to process vents, potential VDC em ssion sources
from PCE and TCE production include storage and handl i ng
operations, process fugitive sources, and treatnent and di sposal
of process wastes. VDC is expected to be emtted fromrecycle
storage tanks in both the chlorination and oxychl ori nation
processes for PCE and TCE production (Vent Cin Figure 3, and
Vent Din Figure 4). VDCis also emtted fromany punps,
conpressors, flanges, and val ves which are exposed to stream
containing VDC (Source Ein Figure 3 and Source | in Figure 4).
I nsufficient information is available to estimate VDC em ssi ons
fromthese sources.

Sour ce Locati ons

Maj or producers of perchl oroethyl ene and/ or
trichloroethylene are listed in Table 5.2
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TABLE 5. FACI LI TI ES PRODUCI NG PERCHLOROETHYLENE
AND/ OR TRI CHLOROETHYLENE?®

Chem cal
pr oduced
Conpany Locati on PCE?2 TCEP
Di anmond Shanr ock Cor p. Deer Park, TX X
Dow Chem cal U S. A Freeport, TX X X
Pittsburg, CA X
Pl aguem ne, LA X
E.l. duPont de Nenours
and Co. Corpus Christi, TX X
PPG I ndustries, Inc. Lake Charles, LA X X
St auf fer Chem cal Co. Loui svill e, KY®¢ X
Vul can Materials Co. Cei smar, LA X
Wchita, KS X

a PCE = perchl oroet hyl ene
® TCE - trichloroethyl ene
¢ Plant has been on standby since 1981

Note: This is a list of major facilities produci ng perchl oroethyl ene and/ or
trichl oroethyl ene by any production process. Current information on
whi ch of these facilities produce these chemicals by ethylene
di chloride chlorination or oxychlorination is not available. This
list is subject to change as market conditions change, facility
owner shi p changes, or plants are closed down. The reader should verify
the existence of particular facilities by consulting current |istings
or the plants thenselves. The |level of em ssions fromany given
facility is a function of variables, such as operating conditions,
product slate, throughput and control neasures, and shoul d be
determined through direct contacts with plant personnel. Under sone
operating conditions, byproduct VDC production nmay be negligible,
resulting in negligible or zero VDC emi ssions. For instance, Dow
chemi cal has indicated that VDC byproduct is only produced in trace
gquantities at all of its three plants.?®®
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1,1, 1- TRI CHLORCETHANE PRODUCTI ON

Most 1,1, 1-trichloroethane produced in the U S is nade from
vinyl chloride. An ethane-based process currently is used to a | esser
extent. Also, a process starting fromVDC formerly was used to produce
1,1,1- trichloroethane.2 This section discusses VDC eni ssions from
t he et hane process, which produces VDC as a byproduct. VDC is not
produced as a byproduct of the vinyl chloride process.

Process Description

In the ethane process for 1,1,1-trichloroethane production,
ethane is chlorinated to produce the product 1,1,1-trichl oroethane and
a nunber of byproducts. The nain reactions in the chlorination
process are as foll ows:

A
CHS—CH3 + ClzﬁCH:i-CHzCl + HCL -
ethane ethyl chlozide - hyrodgen chleride.
CHy=CHyCL~ + Cly-Ba CHy-CHCl; '+ HCL -
1,1-dichlorecethane
N .
CH3~CH2C1-——~>CH2=CH2 + HC1
_ethylene

fal
CH3-CH012 + Clz—--bCH3-CC13 + HC1

1,1,1-trichlorcethane

CH3-03612-£L-CHZ-CH01 + HCL .
vinyl chlgride

CH,~CCl. <2 CH,=CCl, + HCL

Ba~hbly =T 2 2

vinyiidene chloride

M nor quantities of 1,2-dichloroethane and 1,1, 2-trichloroethane are
al so produced. Raw material ratios and reactor conditions determne
the relative proportions of 1,1,1-trichloroethane and byproducts
produced. If 1,1, 1-trichloroethane is the only product desired, ethyl
chloride and 1, 1-di chl or oet hane can be recycled to the chlorination
reactor, and vinyl chloride and VDC can be catalyticaily

hydrochl orinated to yield 1, 1-di chl or oet hane and

1,1, 1-trichl oroet hane, respectively:?
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CH=CHO + HdA >"CH,- CHOl ,

G_E:COZ + |_K] ----- > G_E'COS
Basi c operations which nmay be used in the ethane process for

1,1,1-trichl oroethane are shown in Figure 5.2 In this process,
byproduct chl ori nated species, including VDC, are recycled and
converted to 1,1, 1- trichloroethane.® Chlorine (Stream 1) and et hane
(Stream 2) are fed to the chlorination reactor along with recycle
streans of 1, 1-dichloroethane (Stream 13) and ethyl chloride (Stream
17). The reactor is adiabatic, with a residence tinme of about 15
seconds, and is maintained at a pressure of about 600 kil oPascals (5.9
at nrospheres) and an average tenperature of about 400°C. No catal yst
i s used.

The reactor exit stream (Stream 3) is a gas containing ethane,
ethyl ene, vinyl chloride, ethyl chloride, VDC, 1, 1-dichloroethane,
1, 2-di chl oroet hane, 1,1,2-trichloroethane, 1,1, 1-trichl oroethane,
hydrogen chl oride, and ninor ampunts of other chlorinated
hydrocarbons. This streamenters a quench colum, where it is cool ed,
and a residue conprising mainly tetrachl oroet hanes and
hexachl oroet hane is renmoved (Stream 4).

The overhead stream fromthe gquench colum (Streamb5) is fed to
a hydrogen chloride colum, in which ethane, ethylene, and HO are
renoved from chl ori nated hydrocarbons. A portion of the overheads
(Stream 6) containing HCl is used to provide the HO requirements for
VDC and vinyl chloride hydrochlorination in a later step. The
remai nder (Stream7) is purified for use in other processes.

The bottonms fromthe HO colum (Stream 8), containing
chl ori nat ed hydrocarbons, are fed to a heavy ends col um, where a
bottonms stream (Stream 9), conprising nainly 1,2-dichl oroethane and
1,1, 2-trichloroethane, is renoved for use in other processes.
Overheads fromthe heavy ends columm (Stream 10), contai ning
1,1, 1-trichl oroethane, vinyl chloride, VDC, ethyl chloride and
1, 1-dichl oroethane, are fed to the 1,1,1-trichloroethane colum, which
renoves the product as a bottons stream (Stream 11).
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Over heads fromthe product recovery columm (Stream 12) are fed
to anot her colum, where 1, 1-dichloroethane is renoved as bottons
(Stream 13) and recycled to the chlorination reactor. Overheads from
this colum (Stream 14), containing mainly vinyl chloride, VDC and
ethyl chloride, are fed along with the HCO byproduct stream (Stream 6)
to a hydrochlorination reactor. This reactor operates at a
tenperature of about 65°F, a pressure of about 450 kPa, and with
ferric chloride catalyst. Alternatively, these byproducts may be used
in other processes at the plant.

The hydrochl ori nation reactor converts vinyl chloride and VDC to
1, 1-di chl oroethane, and 1,1, 1-trichl oroethane, respectively. Thus,

t he reactor product stream (Stream 15) consists of unreacted et hyl
chloride and 1, 1-di chl oroet hane and 1,1, 1-tri chl oroethane. This
product streamis mxed with ammonia to neutralize residual HO and
catalyst. Spent neutralized catalyst is renoved in a filter and the
product is then fed to a product recovery colum. The bottonms from
this colum (Stream 16), nostly 1,1,1-trichloroethane, are recycled to
the 1,1, 1-trichl oroet hane colum. Overheads (Stream 17), conposed of
ethyl chloride and 1, 1-dichloroethane, are recycled to the
chlorination reactor.?

Eni ssi ons

Pot ential VDC enission sources fromthe ethane process for
1,1, 1-trichl oroethane include (1) the vents for the
1,1, 1-trichloroethane and 1, 1-di chl oroet hane distillation col unms
(Source A) and (2) process fugitive sources, such as valves, flanges,
punps, relief valves, and drains, |ocated between the chlorination
reactor and the hydrochlorination reactor. Data from one plant
i ndicate that the concentration of VDC in the distillation colum
vents is negligible.? Data are not available to estimate fugitive
em ssions of VDC fromthe ethane process.

Sour ce Locations

Maj or producers of 1,1,1-trichloroethane are listed in Table
6.1%20 | nformation is not available on which of these plants use the
vinyl chloride process and which use the ethane process.
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TABLE 6. FACILITIES PRODUCI NG 1, 1, 1- TRI CHLOROETHANE!?: 20

Conpany Locati on
Dow Chem cal U S. A Freeport, TX
PPG I ndustries, Inc. Lake Charles, LA
Vul can Chemi cal s CGei smar, LA

Not e:

This is a list of major facilities producing 1,1,1-trichloroethane by
any production process. Current information on which of these
facilities produce this chenical fromethane or vinyl chloride is not
available. This list is subject to change as nmarket conditions
change, facility ownership changes, or plants are closed down. The
reader should verify the existence of particular facilities by
consulting current listings or the plants thensel ves. The |evel of

em ssions fromany given facility is a function of variables, such
as throughput and control neasures, and shoul d be determ ned through
direct contacts with plant personnel
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PCLYMERI ZATI ON OF VI NYLI DENE CHLORI DE

Vi nyl i dene chl oride nonomer is polynerized with a variety of
ot her mononers to produce copolynmers with special properties. VDC
copol ymers can be divided into high VDC pol ynmers, generally containing
70 to 95 percent VDC, and | ow VDC pol ynmers, generally containing 10 to
70 percent VDC

H gh VDC polyners are unique in their |ow perneabilities to
oxygen, water vapor, and other gases. They also have good clarity and
a gl ossy appearance. H gh VDC polyners typically are used as vapor
barrier coatings on various filmsubstrates, such as paper, polyester,
pol ypropyl ene, or polyethylene. H gh VDC polyners are also used to
make Saran filns which can be used alone or |am nated to other plastic
filnms. The conononmers nost commonly used to produce high VDC pol yners
are vinyl chloride, acrylic acid, acrylic esters and
acrylonitrile, 2228

In | ow VDC pol yners, the VDC nononer generally is added to
i mprove the flame retardant properties of the finished polyner. Low
VDC pol yners are used as flane resistant coatings, saturants, dipping
compounds, and adhesi ves. They can al so be sprayed onto fibers and
textiles. Typical cononomers used in these applications include
acrylic esters, vinyl acetate, and vinyl chloride. VDCis used with
styrene and but adi ene nononers to produce a flanme retardant
styrene-but adi ene | atex for carpet backing. VDCis also used
withacrylonitrile to produce nodacrylic synthetic fibers. 2252

Em ssi ons from VDC pol yneri zati on are di scussed in this
section. Em ssions of residual VDC nononer fromthe subsequent
processing and fabrication of VDC in polymers are discussed in a later
section. Copol ynmer production and fabrication generally are carried
out at separate facilities.

Process Description

The reactions involved in the production of vinylidene chloride
copolymers are illustrated in Figure 6. The maj or process used to
produce VDC copol ymers is enul sion polynerization. This
pol yneri zati on techni que can be used to produce both [atex resin and

33



heat

ROOR s 120° Activation-of

B : , Initiator
Intsdater Tatitaser B . .
Radical \ ;
! 1 ] €1
20~ & Cmml e RO—meel==G'
I )
F SN | R LB 4
e > © Inttiatton
1Y - ¥
o \
RO - Cmmwl e XOmle—Ce
[ {0
3 1 1 1
Lomoneze?
,czx e 3 Tn ? «|:1
mfvw\-/c—c- o/C— — MWC_?—%-%' . \
Ed 2 | 133 ‘ A &L % ¢l
Palimar Chala
1 1 Iy a3«
| A, PP
QA i+ SmC | eem RGN oo C ot € i ¢
: \ /A [ T B I
1 291 3 g cl ¥ R
> : Propagation
vy el LI 4 31 ’
|
SO U 15, AR o O §
TP IR [ R |
L3S 138 1 % 5 &1
3 voe ¥ |3 T' L I 4
\ ] ] 1 -4
10 N o 0 @ ——;Mc—i—-.c-c- / R
[\ | [
T B2 ¥ g 8 B4
Wi
:!c-—-"‘-‘*—f-c — RG] o
L R | ‘ \
2 ]c:.
no—-M-\}:-—c — RO
1 L
1 2 1 Y
\ /c ’ \ o/ Chain
* f""\' * Ko ""'f R e < Terainacion
1 141 2. ¥ :
1S
ROt nm G+ RO+ amnem R ) Y
[ |3
€ - Carbon
ot / 8 - Hydrogen
{ 0 '~ Oxygen
T et UL R LI e R, R' = Substituent atoms OT gIoups
1 \u -C+, RO- = Free radizals

Figure 6. Basic reactions involved in the polymerization of vinylidene
chloride with a comonomer. : .

34



dried resins.? Suspension polynerization is also used to produce
dried resins, and solution polynerization is used to produce

copol ynmers for synthetic fiber production.?»2 Table 7 summari zes the
types of VDC copol yners produced and identifies production processes,
typi cal comonomers used, VDC contents, and major applications for each
resin type. 226

Emul si on Pol yneri zati on- -

Basi ¢ operations which may be used in emul sion and suspensi on
pol yneri zati on of VDC copolyners are shown in Figure 7.%2¢ VDC nononer
(Stream 1), conononmer (Stream 2), and water (Stream 3) are netered and
charged to a batch reactor along with surfactant and initiator (Stream
4). The batch is agitated, resulting in the formation of an enul sion
of aqueous and organi c phases. After charging, the batch is heated,
causing the activation of the initiator. Initiators generally used in
enmul si on pol ynerization are water sol ubl e peroxi des which dissociate
to formfree radicals when heated. The initiator radicals, on
contacting the organi c nononmer phase, initiate the polymerization of
VDC and the comononer. The pol ynerization reaction i s exotherm c;
therefore, after the reaction has conmenced, the reactor nust be
cool ed. In enul sion polynerization, the reactor tenperature typically
is held at about 30°C and the reaction duration is about 7 to 8 hours.
Addi ti onal nononer and initiator may be fed to the reactor during the
course of the reaction. The degree of conpletionis 95 to
98 percent.?2?

Generally, the polynerized batch (Stream5) is stripped of
unreacted nononers (Stream 6) using steam and vacuum This can be done
either in the reactor itself or in a separate stripping vessel. The
unreacted nononer is recycled if possible (Stream 7). For sone types
of copol ynmers, contam nation of VDC with ot her conononers precludes
the recycle of VDC. Stripped polyner (Stream8) is transferred to a
hol di ng tank, where it nay be nmixed with other polyner batches to
ensure product uniformty.?2®

Emul si on pol ynerizati on can be used to produce either a | atex
(Stream 9) or a dry product (Stream 10). A latex is an enul sion of
pol yner particles in water, which is sold or used undried. |If a dried
product is desired, water is renoved by coagul ati on and
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TABLE 7. VI NYLI DENE CHLORI DE COPOLYMERS, PRODUCTI ON METHCDS,
AND APPLI CATI ONS?3 24
Typi cal
Producti on VDC cont ent Conononer s
Pol ymer description processes (percent) used Appl i cations
H gh VDC | at ex Emul si on 90 Acrylic eaters Barrier coatings for
Acrylic acid packaging films and
Acrylonitrile paper packages
Vi nyl chloride
Ther nopl astic resin Emnul si on, 70- 85 Vi nyl chloride Packaging film
Suspensi on conposite (multilayered)
packagi ng fil ns,
nmonof i | anment s
Sol vent soluble resin Emul si on 90- 05 Vi nyl chloride Barrier coating for
Acrylic eaters cel | ophane
Acrylic acid
Low VDC | at ex Emul si on 40-70 Acrylic eaters Fl ame ret ardant
Vi nyl acetate coatings, dips,
Vi nyl chloride adhesi ves, etc.,
St yrene-but adi ene car pet backi ng
Modacrylic resin Sol ution 30 Acrylonitrile Synthetic fibers

suspensi on
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dewatering, followed by drying with hot air. The dried product
conprises polyner particles. The particle dianeter produced by
enul si on pol ynerization is 100 to 150 nanoneters. %2°

Suspensi on Pol ymeri zati on- -

The sane basic steps are used in suspension polymnerization as in
emul si on pol ynerization ( Figure 7).* VDC (Stream 1), conopnoner
(Stream 2), and water (Stream 3) are nmetered and charged to a batch
reactor along with surfactant and initiator (Stream4). |n suspension
pol ynerization, the initiator used is soluble in the organic phase.
The batch is agitated to produce a suspension of the organic phase in
the water phase. After charging, the batch is heated to activate the
initiator, which causes polynerisation. The reactor nust then be
cooled to renove the heat of polynerization.?>?

Suspensi on pol ynerization generally is carried out at about 60°C
The duration of the reaction is 30 to 60 hours and the degree of
conpletion is about 85 to 90 percent.2? After the polynerization
reaction has reache the desired degree of conpletion, the polyner
(Stream 5) generally is stripped of unreacted nononer (Stream 6) by
steam and heat, either in the reactor or in a separate vessel
Unreact ed nononer is recycled (Stream7) or vented to a contro
system The batch is then transferred to a holding tank (Stream 8) and
dried (Stream 11) with hot air to produce dry pol yner particles.
Typical particle dianeters produced by suspensi on polynerization range
from 150 to 590 microns. 2%

Sol ution Pol yneri zati on--

As not ed above, solution polynerization is used on the production
of vinylidene chloride copolyner synthetic fibers. These fibers
typically have a | ow VDC content.22:26 |nformation is not avail able on
the specific steps used in the solution polynerization of VDC
copol ynmers; however, the general reaction steps are expected to be
simlar to those used in the solution polynerization of other resins.

In a solution polymerization process, the polynerization reaction
is carried out in a solvent which dissolves both the nononers and the
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finished polyner. NMonomers, initiators, and solvents are charged to a
pol yneri zati on reactor where the reaction typically is carried out
under el evated tenperature and pressure. The process can be carried
out either in a batch process or a continuous process. In either
case, the product is a honbgeneous m xture of solvent, polyner, and
unreact ed nononers. Unreacted nononmer may be stripped fromthe
pol yner/sol vent m xture by the use of steamand heat. |In a batch
process, the stripping step may be carried out either in the reaction
vessel or in a separate stripping vessel. 1n a continuous process, a
separate stripping vessel is required.?"2®

The resulting polyner solution is used in a "spinning" process to
produce the product synthetic fiber. 1In this step, polyner fibers are
extruded into a zone of hot vapor or water, where the fibers are
solidified and solvent and residual nonomer are renoved. This step is
di scussed in the subsequent section on the fabrication of VDC
copol ynmer products. 26:27.28

Eni ssi ons
Potential VDC enissions sources at VDC pol ynerization plants
i ncl ude:

 VDC unl oadi ng and st or age;

e« opening and cl eani ng of mi xi ng, weighing, holding, and reaction
vessel s;

« relief valve discharges;

 stripper and nonomer recovery systemvents;

e evaporation of residual VDC fromthe finished copol ynmer; and

« process fugitive sources, including valves, flanges, punps,
conmpressors, relief valves, and process drains.

Data are not available to estimate uncontroll ed VDC em ssions
fromthese sources. However, in response to previous EPA surveys,
several polynerization plants have reported total controlled enissions
of vinylidene chloride and controll ed em ssions froma nunber of
i ndi vi dual sources.!®2* Controlled VDC enission rates reported for VDC
pol yneri zation are given in Table 8.

Em ssion factors given in Table 8 for reactor enissions, nonomer
recovery em ssions, storage and transportation em ssions, and total
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TABLE 8. ESTI MATED CONTROLLED VI NYLI DENE CHLORI DE EM SSI ON FACTORS FOR
A HYPOTHETI CAL VI NYLI DENE CHLORI DE POLYMERI ZATI ON PLANT?

Control | ed
Sour ce VDC em ssi on
Emi ssion source desi gnati on® factore®
React or B 3.5 kg/ My®
Monomer recovery D 0. 33 kg/ \y®
Unl oadi ng/ st or age A 2.1 kg/ My®
Process fugitive G 2.8-11 kg/ My®

Tot al 1.4-7.0 kg/ My®

a

Any given plant nay vary in configuration and level of control fromthis
hypot hetical facility. The reader is encouraged to contact plant
personnel to confirmthe exi stence of enitting operations and control
technol ogy at a particular facility prior to estimati ng em ssions

t heref rom

Letters refer to vents designated in Figure 7.

Emi ssion factors in terns of kg/My refer to kilogram of vinylidene

chloride emtted per nmegagram of vinylidene chloride polynerized. In
cases where a particular source designation applies to multiple
operations, these factors represent conbined em ssions for all, not each

of these operations within the hypothetical facility. The types of
controls enpl oyed were not reported.

Based on industry estimates.

Based on EPA projections of nonomer em ssions fromsmall and medi um sized
generic polynerization plants with quarterly inspection and nai nt enances
of val ves, punps, conpressors, flanges, relief valves, and process
drains.? Industry reports that nore stringent inspection and nmai ntenance
prograns are practiced than are reflected in the factors cited in this
table. (See text for discussion.) These nore stringent neasures result
in fugitive enmi ssion control efficiencies as high as 90 to 95 percent from
an uncontrol l ed situation where no significant neasures are taken for |eak
detection and repair. 119

40



pl ant em ssions are based on industry estinmates in response to EPA
surveys. 2 Data are not available on the specific controls used to
attain the reported emnmission rates. Techniques which can be used to
control process and storage enissions of nmononmers from pol ynerization
plants are identified in Table 9.3°

The enission rates given in Table 8 for process fugitive sources
are based on EPA estinmates of enissions fromtypical snmall to medi um
si zed generic polynerization facilities using nonthly inspection and
mai nt enance of fugitive sources.?” The control efficiency of nonthly
i nspection and mai ntenance for fugitive em ssions is about 30 percent.
Addi ti onal controls which mght be used include double nechanica
seal s on punps, enclosure of punps, rupture disks on relief valves,
use of wel ded pipe instead of flanges, special construction materials
for piping and val ves, and intensive preventative naintenance during
pl ant shut down. In addition, intensive inspection and nai ntenance
prograns practiced at sone plants can insure repair of nost |eaks
within 1 day instead of 1 nonth. Wth these additional controls, nmany
pl ants have achi eved fugitive em ssion control efficiencies as high as
90 to 95 percent. 1

Source Locations

Table 10 lists producers of VDC copolynmers. The table also gives
pl ant |ocation and identifies the types of VDC copol yner produced at
each facility. 22631
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TABLE 9. POTENTI AL EM SSI ON CONTRCOLS FOR POLYMER PLANTS?®

Sour ce
Process step Potential em ssion points desi gnati on? Control technol ogy
VDC unl oadi ng and st orage Loadi ng Iines, VC storage tank, A Purged to nononer recovery
m xi ng, wei ghi ng and hol di ng system incineration, solvent
tank vents absorption or carbon
adsor ption
Pol ymeri zati on Pol yrmeri zati on reactor opening B Sol vent cl eani ng, steam pi ston
| oss wat er piston, reactor purge air
bl ower, steam purge, etc., used
bef ore openi ng
Vented to at nosphere or nononer
recovery system
Pol yrmeri zation reactor relief B Short stop, containnent,
val ve di scharges i nstrunmentation, inproved
operator training, etc.
Strippi ng Strippi ng vessel vent C Vented to nononer recovery
system fol | oned by
i nci neration, solvent
absorption or carbon adsorption
Mononer recovery system Recovery system exhaust vents D Gashol ders used in sone
and knock-out pot instances to collect all
recovery vents and/ or
refrigeration to condense VDC
foll owed by incineration
sol vent absorption or carbon
adsor pti on.
Pol ymer hol di ng t anks, Tank vents E Stripping
m xi ng
Dewat eri ng, drying Centrifuge vents, dryer vent F Strippi ng

st acks

a Letters refer to sources designated in Figure 7. Note that these measures do not cover fugitive
em ssions fromval ves, punps, flanges, etc.
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TABLE 10. FACI LI TI ES PRODUCI NG POLYVI NYLI DENE CHLORI DE?'®: 20.25 26,31

Manuf act ur er Locati on Pr oduct s®
Ameri can Cyanam d Co. Pace, FL synthetic fibers
Borden Chenical Div. Canpton, CA
Illiopolis, IL
Dow Chem cal Co. Dal ton, GA | ow VDC | at ex
M dl and, M high VDC |l atex, |ow VDC | atex, thernoplastic resin
E.|. DuPont de Nemours and Co. Crcleville, OH hi gh VDC | atex, thernoplastic resin
WR G ace and Co.

Dewey and Al ny Chemical Div. Omensboro, KY

hi gh VDC | at ex

Monsant o Co. Decatur, AL synthetic fibers
Morton Cheni cal Co. R ngwood, IL hi gh VDC | at ex
National Starch and Chem Co. Meredosia, IL | ow VDC | at ex
Adin Corp. Pi sgah Forest, NC high VDC | at ex
Rei chhol d Pol yrmers, Inc. Cheswol d, DE | ow VDC | at ex
Rohm and Hass, Inc. Bristol, PA | ow VDC | at ex
Knoxville, TN | ow VDC | at ex
A E. Stal ey Manufacturing Co. Lenont, IL hi gh VDC | at ex
Pol yvi nyl i dene chl ori de copol ymer formul ati ons and uses are sunmerized in Table 6.
Note: This listing ia subject to change as market conditions change, facility ownership changes, plants are

cl osed, etc. The reader should verify the existence of particular facilities by consulting current

listings and/or the plants thensel ves.
function of variables such as capacity,

t hrough direct contacts with plant
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USE OF VI NYLI DENE CHLORI DE I N SPECI ALTY CHEM CAL PRODUCTI ON

Vi nylidene chloride is used as a chenmical internmediate in the production
of chloroacetyl chloride. This use of VDCis mnor in conmparison with its use
i n production of VDC copolyners. The structure of chloroacetyl chloride is as
fol |l ows:

Its main use is in the manufacture of chl oroacet ophenone, the
principal ingredient in tear gas. It is also used in the manufacture
of pharnmaceuticals.”?®

Process Description and Eni ssions

Information on the process used to produce chloroacetyl chloride
fromVDC is not available, nor are data available to estimte VDC
em ssions fromthe process. Dow Chenical reports no | osses of VDC to
the environnment fromthe process used in chloroacetyl chloride
production.?®

Sour ce Locations

The VDC process for chloroacetyl chloride is used by the Dow
Chemical U S. A of Mdland, Mchigan.® Production facilities are
| ocated at Dow Chenmical's M chigan Division plant at Mdl and. 8
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VI NYLI DENE CHLORI DE COPCLYMER FABRI CATI ON

When VDC is polynerized to produce VDC copol yners, sone residua
VDC nonomer remains in the polynmer. During subsequent fabrication
when the polyner is heated, dissolved, or otherw se treated, sone of
this residual nononer evaporates, resulting in VDC enissions. The
| evel of VDC residue in the polyner, and hence the magnitude of VDC
em ssions, is dependent on the type of polyner, the conononer used,
and whet her stripping technology is used at the polynerization plant.
As noted in the previous section entitled POLYMERI ZATI ON OF
VI NYLI DENE CHLORI DE, VDC copol ymers can be divided into two groups:
hi gh- VDC copol yners (79 to 90 percent) used to form noi sture and vapor
barrier coatings and filns; and | ow VDC copol yners (10 to 70 percent),
where VDC is added mainly to inprove the flame retardant properties of
the finished polymer. VDC copolyners are al so produced in a nunber of
forms: dried suspension resin, dried ermulsion resin, |atex, and
pol yner solution. The types of VDC copol yners produced, production
nmet hods used, and applications of the different types were sunmari zed
in Table 7 in the section entitled POLYMERI ZATI ON OF VI NYLI DENE
CHLORI DE. General ly, copolymer fabrication and copol ymer production
are carried out at separate facilities.

Process Description

Process descriptions are presented bel ow for three nethods of
fabricating high-VDC resins: coating of cell ophane with copol yner
sol ution, coating of paper or plastic filmwith [atex, and extrusion
of dried enulsion or suspension resin. Information was not avail abl e
on the specific nethods used to fabricate | ow VDC resins.

Cel | ophane Coating w th Copol ymer Sol utions--

Basi ¢ operations that nmay be used in the coating of cell ophane
with VDC copol yner are shown in Figure 8.3 The inputs to this process
are a dried, high-VDC copolynmer and pretreated cell ophane file The
VDC polynmer is first dissolved in a solvent mxture in a closed tank.
The solvent mxture includes nmethyl ethyl ketone and tetrahydrofuran
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as the primary solvents and toluene as a diluent. Follow ng the

di ssol ution step, additives such as wax, talc and silica are added in
a closed blender. The polyner solution is then fed to a dip tank,
t hrough which a cellophane filmstrip is drawn.

After passing through the dip tank, the cell ophane, now coated
wi th VDC copol yner solution, is run through a dryer consisting of two
chanbers. In the first, dry air at 90 to 140°C is passed over the
film resulting in renoval of the solvent.* In the second chanber,
the filmis conditioned in warmhumd air.

Sol vent | aden vapor is collected fromthe drying chanber and
ducted to carbon absorption beds. Solvent stripped fromthe beds is
purified by distillation and recycled to the process. Heating air
fromthe second drying chanber is vented to the atnobsphere.

Coating with Latex Copol ymner--

As noted in the earlier section of POLYMERI ZATI ON OF VI NYLI DENE
CHLORIDE, a latex is a polymer enmulsion in water. Materials typically
coated with high-VDC | atex include paper products and plastic fil ns. 32
The latex may first be blended with additives, such as wax or
pigments, or diluted with additional water in a vented m xi ng tank.
The latex is punped fromthe mxing tank to a holding tank and then to
the dip tank. The holding tank allows reduction of any foamthat may
formduring mxing. The material to be coated is rolled through the
dip tank and then to a drying oven. |In the drying oven, water is
renoved fromthe latex and the latex forns a barrier film Both the
dip tank and the drying oven are vented to the atnobsphere. %

Extrusi on of Thernopl asti c Copol ymner - -

The raw material for extrusion is dried enul sion or suspension
resinin the formof a powder or small granules. The polymer is m xed
with additives such as plasticizer in a high-intensity bl ender.
Mechani cal energy dissipated in the bl ender heats the resin to about
170°C. 3% The bl ender is vented through a hood, usually to a roof
stack. Fromthe high-intensity blender, the resinis fed to a ribbon
bl ender, where it is honogeni zed further and cool ed. The bl ended resin
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may be stored prior to extrusion, or may be extruded i mediately after
bl endi ng. *?

The extrusion process used on high-VDC copolyners is a blown-film
process. The resin conmpound is fed to an extruder, and is extruded
through a die in the formof a tube, becom ng nolten in the extrusion
process. The end of the tube is then pinched off, and air is bl own
into the tube, expanding it into a bubble. The bubble is then cool ed
by anot her blast of air and fl attened before undergoi ng further
processing to forma film 32

Eni ssi ons

Em ssi on sources from VDC copol yner fabrication include: polyner
storage vents, polynmer mxing and bl ending vents, and finished pol yner
drying. Emi ssions fromindividual sources have not been quantifi ed.
However, total VDC enissions fromcopol yner fabrication can be
estimated by mass bal ance fromthe concentrations of residual VDC
nononer in the polymer entering and | eaving the process. *

EF=GC - G
wher e:

EF = the overall uncontrolled em ssion factor for the fabrication

process, g VDC/ My copol yner processed,

C = the concentration of residual VDC nononmer in the copol ymer

entering the dissolver Figure 8) ppnw, and

C, = the concentration of residual VDC nononer in the

copol ymer |l eaving the dryer (Figure 8), ppmw
Tabl e 11 summari zes data on residual VDC levels in raw and fabricated
hi gh- VDC copol yners, and presents estinates of uncontrolled VDC
em ssion factors for high-VDC copolymer fabrication processes. Data
are not available on the residual VDC |l evels in | ow VDC copol yners.

It should be noted that the nmass bal ance techni que of estimating
em ssions involves the assunption that the only renoval nechani smfor
VDC fromthe copolynmer is by em ssions to the atnosphere. Thus,
em ssions estimates devel oped by the mass bal ance techni que woul d be
wor st case estinmates. |In high tenperature fabrication processes and
dryi ng processes, sone of the residual VDC may be pol yneri zed.
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TABLE 11. ESTI MATES OF UNCONTROLLED EM SSI ON FACTORS FROM
H GH VDC COPOLYMER FABRI CATI ON PROCESSES

Copol yrer VDC

concentrations (ppmw)? Esti mat ed
Raw Pr ocessed uncontrol | ed
resin® resin¢ em ssi on
Process (c¢)) (co) factor (g/M)¢
Cel ophane coating 10-120 nege 10- 120
Lat ex coating 50- 2000 0- 500 50- 1500
Extrusi on 2-25 nege® 2-25
Ref erence 32.

Resin entering the dissolver (Figure 8).

Resin |l eaving the dryer (Figure 8).

Cal cul ated fromresidual VDC |evels. Emi ssions are expressed in terms of
grans of VDC per My of copol yner processed.

neg = negligible.
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VDC eni ssions from copol ymer fabrication generally are
uncontrolled. In the first stage of the drying operation for
cel | ophane coating, emnissions containing solvent are captured and
ducted to a carbon adsorption system The solvent is then desorbed
and recycled to the pol ynmer dissolving operation. Some of the VDC
vapori zing in the drying process would be captured on the adsorbers.
However, unless some process is used to separate the captured VDC from
t he solvent, the VDC would be recycled to the process and eventual ly
emtted fromthe second stage of the drying process, fromthe adsorber
vent, or from another vent.

Source Locations
Table 12 gives a list of plants fabricating high-VDC copol yners,

along with plant locations.3®:3 The list includes plants that produce
PVDC- coat ed cel | ophane, plants that apply PVDC barrier-coated to paper
and plastics, and plants that extrude VDC copol yner.

Information is not available on the | ocations of fabrications of
| ow- VDC pol yners. Such plants would be classified under Standard
Industrial Cassification (SIC) code 282.
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TABLE 12.

COPOLYMERS?! 32

FACI LI TI ES FABRI CATI NG HI GH VI NYLI DENE CHLORI DE

Processes
Cel | ophane Barrier Resi n
Conpany Pl ant Locati on coating coating extrusion
Al'l'ied Chem cal Corp. Pittsville, PA X
Ameri can Baa and Paper Phi | adel phi a, PA X
Ameri can Can Co. Neenah, W X X
Ant ech, Inc. Qdent on, MD X
Consol i dat ed Paper Wsconsin Falls, W X
Crown Zel | er bach Portl and, OR X
Cryovac Div. of
W R Gace | owa Park, TX X

Si mpsonville, SC X

Curwood Div. of
Bem s New London, W X

Dani el s Rhi nei ander, W X
Di ver sa- Pak St. Petersburg, FL X
Dow Chemi cal M dl and, M X
E.I. dupont de Nenours R chnond, VA X

Circleville, OH X

Cinton, TA X

Tecunseh, KS X
FMC Cor p. Frederi cksburg, VA X

Mar cus Hook, PA X
Cordon Cartons Baltinore, MD X
G een Bay Packagi ng G een Bay, W X
Her cul es Covi ngton, VA X
I nterstate Fol di ng Box M ddl et own, OH X
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TABLE 12. FACI LI TI ES FABRI CATI NG HI GH VI NYLI DENE CHLORI DE
COPOLYMERS®! 32

Processes
Cel | ophane Barrier Resi n
Conpany Pl ant Locati on coating coating extrusion
M chi gan Carton Co. Battle Creek, M X
M | pri nt M | waukee, W X
M nnesota M ni ng and
Manuf act uri ng Decatur, AL X
din Corp. Pi sgah Forest, NC X X
Covi ngton, IN X
ainkraft Wst Monroe, LA X
Gscar Mayer Chicago, IL X
Davi nport, 1A
Los Angeles, CA X
Madi son, W X
Nashville, TN X
Phi | adel phi a, PA X
Rexham Menphi s, TN X
Rhi nel ander Div. of
St. Regis Rhi nel ander, W X
Seal ed Air Corp. Fairlawn, NJ X
St andard Packagi ng Cifton, NJ X
Thi | many Kaukauna, W X
Uni on Car bi de Cor p. Centerville, 1A X
Zunbri | G ncinnati, OH X

Note: This listing is subject to change as market conditions change,

facility ownership changes, plants are closed, etc. The reader should verify
t he existence of particular facilities by consulting current |istings and/or
the plants thenselves. The |evel of VDC emissions fromany given facility is
a function of variables such as capacity, throughput and control neasures, and
shoul d be determi ned through direct contacts with plant personnel
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VOLATI LI ZATI ON FROM WASTE TREATMENT, STORAGE, AND DI SPOSAL

Consi derabl e potential exists for em ssions of volatile
subst ances, including VDC, fromwaste treatnent, storage, and di sposal
facilities. VDCis expected to be present in the foll ow ng wastes:
still bottons and wastewater from VDC production, perchloroethyl ene
and trichl oroet hyl ene production, and trichl oroet hane producti on;
wast ewat er and off-specification polynmer from VDC pol ynmeri zation; and
still bottons and wastewater from specialty chem cal production
processes where VDC is used as a feedstock (See separate sections on
em ssions fromthese processes.) |In addition, VDC may be present in
wastes from ot her processes.

Pot enti al Sources

VDC may be enmitted when waste containing VDC is present in
surface inpoundnents for treatnent and storage of wastewater, open
treatnent and storage tanks, and | and-treatnent areas for solid wastes
and sludges. The above treatnment and storage facilities nmay be | ocated
at the site of generation of the waste, or at a separate conmerci al
waste treatnment plant. In addition, publicly owned treatnment works
(POTW) may emt VDC if they receive wastewater from plants producing
VDC either as a main product or as a byproduct, or from plants using
VDC as an internediate. Volatile conmpounds al so may be enitted from
solid wastes during and even after disposal in a covered landfill.

Ref erence 33 sunmarizes general theoretical nodels for estimating

vol atil e substance eni ssions from generic waste treatnent, storage,
and di sposal operations, including surface inpoundnents, landfills,

| and treatnent (landfarm ng), wastewater treatnent, and drum handli ng
and storage operations. |If facilities of the above types are known to
handl e wastes contai ning VDC, the potential for air enissions should
be consi dered.

Eni ssi ons®*

A pilot-scale study was conducted by EPA to eval uate the
partioning of several volatile organic pollutants, including VDC, in
conventi onal wastewater treatnent processes. The tested wastewater
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treatnent system consisted of a sequence of primary clarifier,
aeration basin, and secondary aeration basin. Wastewater influent
contai ned an average of 10.7 parts per billion (ppb) VDC. Over 98
percent of the VDC entering the pilot treatnment systemwas found to
evaporate, with about 65 percent evaporating fromthe primary
clarifier and 33 percent fromthe aeration basin. The 98 percent
evaporation rate corresponds to an enission factor of 0.98 grams VDC
per gram VDC in the wastewater feed. It should be noted that these
tests were conducted at | ow VDC concentrations (about 10 ppb); the
em ssion factor nmay change at hi gher concentrations.
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SECTION 5
SOURCE TEST PROCEDURES

Vi nyl i dene chloride em ssions can be neasured usi ng EPA Reference
Met hod 23, which was proposed in the Federal Register on June 11,
1980. % The nethod has not been validated by EPA for vinylidene
chloride, but a simlar analytical procedure has been used to nmeasure

occupati onal exposures to VDC, 3 3%

In Method 23, a sanple of the exhaust gas to be analyzed is drawn
into a Tedlar or alum nized Myl ar bag as shown in Figure 9.3 Tedlar
is considered a nore reliable bag material than Mylar for VDC *® The
bag is placed inside a rigid | eak proof container and evacuated. The
bag is then connected by a Teflon® sanpling line to a sanpling probe
(stainless steel, Pyrex glass, or Teflon® at the center of the stack.
The sanple is drawn into the bag by punping air out of the rigid
cont ai ner.

The sanple is then anal yzed by gas chromat ography (GC) coupl ed
with flame ionization detection (FID). Analysis should be conducted
wi thin one day of sanple collection. The recomended GC colum is
3.05 mby 3.2 nmstainless steel, filled with 20 percent SP-2100/0.1
percent Carbowax 1500 on 100/ 120 Supel coport. This colum nornally
provi des an adequate resol ution of hal ogenated organics. (Were
resolution interferences are encountered, the CC operator shoul d
sel ect the colum best suited to the analysis.) The colum
tenperature ahould be set at 100°C. Zero heliumor nitrogen shoul d be
used as the carrier gas at a flow rate of approximately 20 m/mn.

The peak area corresponding to the retention tinme of vinylidene
chloride is neasured and conpared to peak areas for a set of standard
gas mxtures to determ ne the VDC concentration. The range of the
method is 0.1 to 200 ppm however the upper limt can be extended by
extending the calibration range or diluting the sanple. To avoid

absorption of VDC by the Tedl ar bag, the sanple should be anal yzed as
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soon as possible after collection, preferably on the sanme day. The
nmet hod does not apply when vinylidene chloride is contained in
particul ate matter.
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Appendi x A

PROCESS FUGQ TI VE EM SSI ON CALCULATI ONS
FOR VI NYLI DI ENE PRODUCTI ON
FROM 1, 1, 2- TRI CHLOROETHANE

Fugi tive em ssions of vinylidene chloride (VDC) and ot her
vol atile organics result fromleaks in process val ves, punp seals,
conpressors, sanple connections, open-ended |ines and pressure relief
val ves. Fugitive VDC em ssion rates fromthese sources were based on
a process flow diagram (Figure 2), process operation data, a fugitive
source inventory for a hypothetical plant,1 and EPA em ssion factors
for process fugitive sources.?

The first step in estinating fugitive enissions of VDC was to
list the process streanms in the hypothetical plant. Their phases
(i.e., gaseous or liquid) were then identified fromthe process fl ow
di agram and their conpositions estimated. For the reactor product
stream the conposition was estimted based on reaction conpletion
data. For a streamfroma distillation columm or other separator, the
composi tion was estinmated based on the conposition of the input stream
to the unit, the unit description, and the general description of the
stream of interest (i.e. overheads, bottons, or sidedraw).

After the process streans were characterized, the nunber of
val ves per stream were estimted by dividing the total nunber of
val ves at the plant equally anong the process streans. Simlarly,
punps were apportioned equally anong liquid process streans, and
relief valves were apportioned equally anbng all reactors, colums,
and ot her separators. The |ocations of any conpressors were determn ned
fromthe process flow diagram Although the above sources probably are
not apportioned equally anbng the process |ines at an actual plant,

t he equal apportionnment al gorithm provides the best estinate of the
nunber of sources per line given the avail abl e data.

Em ssions were then cal cul ated for punps, conpressors, valves in
liquid and gas line service, and relief valves. Em ssions from
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fl anges and drains are mnor in conparison with these sources and were
therefore neglected. Fugitive enissions froma particular conponent
were assuned to have the same conposition as the process fluid fl ow ng
t hrough each conponent. For valves in liquid service, for instance,
VDC eni ssions were determ ned by taking the product of: (1) the total
nunber of liquid valves in VDC service; (2) the average VDC content of
the streans passing through these valves; and (3) the average fugitive
em ssion rate per valve per unit tinme as neasured by EPA  Eni ssions
for valves in gas service, punps and conpressors were calculated in
the same manner. For relief valves, fugitive eni ssions were assuned to
have the conposition of the overhead streamfromthe reactor or columm
served by the relief valve. Em ssions fromthe various fugitive
source types were sunmed to obtain total process fugitive em ssions of
VDC.

Because eni ssions from process fugitive sources do not depend on
their size, but only on their nunber, total process fugitive em ssions
are not dependent on plant capacity. Thus, the overall em ssions are
expressed in terns of kilograns per hour of operation.

HYPOTHETI CAL PLANT FUG Tl VE SOURCE | NVENTORY

. 725 process val ves

. 15 punps (not including spares)
. 2 conpressors

. 25 safety relief valves

PROCESS LI NE COVPCSI TI ON AND FUQ Tl VE SOURCE | NVENTORY

O the approxinately 16 major process lines in the production
process, 9 contain at |east sonme fraction of volatile organics
compounds (VOC) and 6 contain vinylidene chloride (VDC). Conpositions
of the major process streans (identified in Figure 2 in the section on
VI NYLI DENE CHLORI DE PRODUCTI ON) are estimated in Table A-1.

A fugitive em ssion equi pment count was not available for a VDC
production plant. However, studies of other synthetic organic
chem cal manufacturing plants indicate that a typical fugitive
equi pnent count is as follows:!?



TABLE A-1. ESTI MATED PROCESS LI NE COVPCSI TION | N VDC PRODUCTI O\t
Stream ----Stream conposition (weight fraction)----
nunber? Phase Wat er NaCH NaCl d ,HC- CH,0,d VvDC O her

1 Li quid 0 1. 000 0 0 0 0
2 Li quid 1.00 0 0 0 0 0
3 Li quid 0 0 0 1. 000 0 0
4 Li quid 0.75 0. 061 0 0.191 0 0
5 Li quid 0 0 0 0 0 1.00
6 Li quid 0.77 0.011 0.073 0. 024 .121 0
7 Li quid 0.90 0.012 0. 086 0 0 0
8 Li quid 0 0 0 0. 164 . 836 0
9 Li quid 0.90 0.012 0. 086 0 0 0
10 Li quid 0.90 0.012 0. 086 0 0 0
11 Li quid 0 0 0 0. 164 . 836 0
12 Li quid 0 0 0 0. 164 . 836 0
13 Li quid 0.90 0.012 0. 086 0 0 0
14 Vapor 0 0 0 0. 164 . 836 0
15 Li quid 0 0 0 1. 000 0 0
16 Li quid 0 0 0 0 . 000 0

a Stream nunbers correspond to those shown in Figure 2.



15 process val ves per mgjor process |ine,
punp (not including spares) per mgjor |iquid process |ine,
conpressor for each gas line requiring pressurization, and
relief valves per pressure vessel or colum.
EM SSI ON CALCULATI ONS

VDC eni ssions fromvalves in liquid and gas service, and for

punps were cal cul ated as foll ows:
(Total VDC em ssion rate for streamtype) =

(# of streanms) X

(Average VDC content for streamtype) X

(# of punps or valves per stream X

(Em ssion rate for individual rate for individual punps or

val ves)
These cal cul ations are sumarized in Table A-2. Simlarly, em ssions
fromrelief valves were calculated for each vessel or colum
processi ng VDC:
(VDC emi ssions rate) =

(2 relief valves per vessel) x

(VDC fraction in vessel overheads) x

(0.104 kg em ssions/hr/relief valve)
These cal cul ati ons are sumarized in Table A-3. No conpressors are
expected to be in VDC service in the VDC-from1, 1, 2-trichl oroet hane
pr ocess.

Total uncontrolled process fugitive enmission rates for VDC
production are given in Table A-4, along with controlled em ssion
rates for varioius conbinations of em ssion reduction techniques. The
em ssion reduction techni ques studied were quarterly and nonthly
i nspections of valves and punps, the use of double nmechanical seal ed
punps, and the use of rupture disks in tandemw th or in place of
relief valves.



TABLE A-2.

Source type
Val ves
vapor
l'iquid
Punps
TOTAL

Nurber

2 0.84
3 0. 60
3 0. 60

Aver age
of VDC Wi ght
streans fractions?

Nurber
of
sour ces

30
45
3

Sour ce VOC

em ssi on rate?
(kg/ hr-source)

0. 0056
0. 0071
0. 0494

ESTI MATED VDC EM SSI ONS FROM VALVES AND PUMPS

Em ssi ons
(kg/ hr)

0. 140
0.191
0.089
0. 42

@ Fraction of

VOC streamin each source type conprised of VDC



TABLE A-3. ESTI MATED VDC EM SSI ONS FROM RELI EF VALVES

Vessel Nunber of VDC wei ght fraction Em ssi ons®
val ves i n over heads (kg/ hr)

React or 2 0. 56 0.12

Phase separat or 2 0. 56 0.12

Dryi ng col um 2 0.50 0.10

Fi ni shing col um 2 0.50 0.10

Stripping col um 2 0.50 _0.10
TOTAL 0. 54

2 Relief valve em ssion rate of 0.104 kg/hr-valve was used to

cal cul ate eni ssions. ?



TABLE A-4.

FUG Tl VE EM SSI ON CONTRCLS AND ESTI MATED CONTROLLED EM SSI ON RATES

Controll ed enission rates

Monthly 1/ M
doubl e seal s;

Quarterly I/M Monthly 1/ M rupture disks

Uncontrol |l ed

VDC em ssi on Percent En ssions Percent En ssions Per cent Em ssi ons
Source cl ass rate (kg/hr) control (kg/ hr) control (kg/hr) control (kg/ hr)
Vapor val ves 0. 140 64.0 0. 051 73.0 0. 038 73.0 0. 038
Li qui d val ves 0.191 44. 0 0. 107 59.0 0.078 59.0 0.078
Punps 0. 089 32.5 0. 060 60. 8 0. 035 100.0 0
Rel i ef val ves 0. 545 0 0. 545 0 0. 545 100.0 0
OVERALL 0. 965 21.0 0.762 29.0 0. 696 88.0 0.116

2 1/Mrefers to inspection and nai ntenance of val ves and punps.

Control percentages

are from Reference 2.
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